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RepeatabilityThe current approach for evaluating feelings of satiety using visual analog scales (VAS) is well developed.
Although widely validated, there are certain limitations inherent to VAS, such as the difficulty of under-
standing and using them or the limited introspection naïve consumers have for evaluating appetite sen-
sations. The hypothesis of the new approach presented here is that selecting sensory panelists used to
evaluating feelings about foods, then giving them specific training followed by application to foods in
the assessment of appetite feelings provides more discriminative results.
Indeed, one goal of our work is to test whether such training increases panel performance and, in par-
ticular, the homogeneity of the panel, leading to greater power and consequently allowing smaller panels
which would prove useful when a large number of products must be tested. Eighteen sensory panelists
were trained to evaluate appetite feelings using VAS. Similarly to the methodology used with sensory
panelists before conducting descriptive analysis (Lawless & Heymann, 2010), this training was dedicated
to: (1) understanding the vocabulary to define appetite and (2) manipulating the scales (3) using the
scales by evaluating appetite sensations on a large variety of carbohydrate-rich products. During the third
part of the training (4 sessions) and during 6 subsequent 170-min sessions, fasting panelists had to con-
sume 1047 kJ of a single food product each session and to fill out VAS every 30 min. Seven different prod-
ucts were evaluated. Among them a reference product was tested 4 times. This methodology was applied
to a second panel in order to evaluate the reproducibility of the method. In addition, both a group of naïve
consumers and the trained sensory panelists evaluated 4 biscuit prototypes so that their results could be
compared. 4 VAS questions were used to calculate an average appetite score. No difference in appetite
score was obtained between the repetitions of the method with the reference products, which showed
very similar appetite scores throughout time. Rankings based on satiety feelings were obtained for both
a large variety of carbohydrate-rich foods and biscuit products. In addition, this methodology was repro-
ducible when applied to another group of panelists. This approach also showed stronger discrimination of
perceived satiety power by the panelists than by naïve consumers. Panelists were successfully trained as
satiety experts capable of building a reproducible and discriminatory method which can be used regu-
larly. Such training may help focus the evaluation of appetite feelings on physiological cues. This quick
training provides a relevant way of screening foods with potential interest for further investigation on
clinical trials of food.
 2015 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://
creativecommons.org/licenses/by/4.0/).1. Introduction
Several methods have been developed and are commonly used
to evaluate food intake, appetite sensations and/or the underlying
mechanisms (Blundell & Bellisle, 2013). These methods include
objective measurements such as ad libitum food intake at the nextlunch following preload consumption, the delay between two
meals, keeping a food diary (Griffioen-Roose et al., 2012; Higgs,
Williamson, & Attwood, 2008; Westerterp-Plantenga et al., 1998)
or measurement of biological satiety markers (Blundell et al.,
2010). Satiety can also be measured subjectively by using visual
analog scales (VAS). These scales are commonly used and validated
to measure appetite sensations (Flint, Raben, Blundell, & Astrup,
2000; Stubbs et al., 2000). This tool is known to have good repeat
reliability between groups, which means that the same and
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et al., 2010; Flint et al., 2000; Merrill, Kramer, Cardello, & Schutz,
2002; Stratton et al., 1998; Stubbs et al., 2000). However, the
VAS approach shows certain limitations. Inter-individual differ-
ences which can appear in the use and understanding of visual
analog scales (Raben, Tagliabue, & Astrup, 1995), and the high vari-
ability in experimental designs (delay, type and energy of preloads,
etc.) have to be considered (Leidy et al., 2015; Ortinau, Hoertel,
Douglas, & Leidy, 2014; Pentikainen et al., 2014). The complexity
of hunger and fullness sensations of consumers was highlighted
by Murray and Vickers through the use of focus groups (Murray
& Vickers, 2009). They concluded that sensations of mental hunger
and physical fullness overlapped, which provided evidence that the
overall constructs of hunger and fullness may not be simple, polar
opposites. Reducing inter-individual variability could improve the
precision of satiety assessment. In the context of satiety claims,
according to the European Food Safety Authority (EFSA), it is pos-
sible to make claims on changes in appetite ratings. However
‘the beneficial physiological effect of changing appetite ratings
depends on the context of the claim’. Hence, evidence on changes
in appetite ratings alone may not be sufficient for the scientific
demonstration of the claim (EFSA Panel on Dietetic Products,
2012; Halford & Harrold, 2012). Indeed, in many cases satiety is
evaluated with both subjective and objective measurements
(Allison, 2009; Blundell et al., 2010). It could thus be interesting
to find a methodology not intended as a replacement of the tradi-
tional one but which includes measurement of food intake while
making quicker and efficient screening of a lot of products accord-
ing to their satiety power possible.
In this context, our aim was to develop a new methodology
relying on a specific population of sensory experts, herein referred
to as ‘panel 1’, and to train them at evaluating their appetite sensa-
tions. We indeed hypothesized that we could take advantage of
such subjects’ pre-existing expertise in the description of their sen-
sations. We sought to test whether the training would increase
panel performance and, in particular, the homogeneity of the
panel, leading to greater power and consequently allowing smaller
panels which would be useful when a large number of products
must be tested. Therefore, the subject’s ability to discriminate such
products according to their satiety power should be improved.
Based on our hypothesis, training people should help to reduce dif-
ferences originating in inter-individual variability such as a gender,
age, food behavior, lack of understanding or difficulties in evaluat-
ing the intensity of hunger feelings along a unipolar unstructured
line. Then, we compared the results produced by trained panelists
with the appetite scores produced by naïve consumers by using
four different types of biscuits.
The strength and reproducibility of this training was confirmed
by applying the same methodology with a second panel herein
referred to as ‘confirming panel’.2. Materials and methods
2.1. Panelists
Eighteen volunteers were recruited for panel 1 as well as 18 for
the confirming panel. For panel 1 (one man and seventeen
women), the average age was 50 ± 0.2 years and the mean BMI
was 22.4 ± 0.4 kg/m2. For the confirming panel (five men and thir-
teen women), the average age was 50.0 ± 0.5 years and the mean
BMI was 22.7 ± 0.1 kg/m2. For p = 0.05, r = 12 mm, D = 10 mm for
the appetite score and a power level of 0.9, we needed about 15
subjects (Jmp 10 software and (Whitley & Ball, 2002)). Therefore
18 subjects were recruited in order to retain enough subjects once
the potential outliers had been removed. All panelists weremembers of sensory expert panels and are thus herein referred
to as panelists or judges. Their fields of expertise were diverse.
Some were specialized in the sensory evaluation of food products
such as drinks, dairy products or cereal products, while others
had extensive training in the evaluation of flavoring or cosmetics.
Therefore, the main criterion was their sensorial expertise ability.
As these sensory panelists are used to evaluating sensations with
different scales, we thought they could adapt to VAS ratings more
quickly than naïve consumers. We expected them to be quicker at
learning than people who are not used to sensory scales or to
focusing on their sensations. They were non-smokers, with no
weight variation of over 2 kg for the 2 months preceding the study,
presented no food allergies or dislikes regarding the foods pro-
posed for the test meals and were used to eating breakfast every
day. Participants had previously filled out a questionnaire to make
sure that they had no aversion regarding biscuits. In order to char-
acterize their food habits, they were asked to complete the Three-
Factors Eating Questionnaire, which was used to evaluate their
cognitive restraint (TFEQ-R). Their average TFEQ-R score was
7.2 ± 0.3 for panel 1 and 7.9 ± 0.2 for the confirming panel, which
can be considered as low levels of cognitive restraint based on
the limits commonly used (Stunkard & Messick, 1985).
2.2. Naïve consumers
Fifty-six women were recruited by advertisements listed on an
Internet website specialized in volunteer recruitment, messages
sent to electronic mailing lists and flyers posted around the labora-
tory and universities in Paris. All subjects were in a healthy state
with similar criteria of exclusion to those used for the panelists.
All volunteers recruited signed a consent form as well as an infor-
mation package. The subjects received financial compensation for
their participation, and the whole nature of the study was revealed
to them during a debriefing session at the end of the study. The
final sample was thus composed of 56 women with a mean BMI
of 21.8 ± 0.2 kg/m2, and a mean age of 24.5 ± 0.6 years. Their aver-
age TFEQ-R score was 4.0 ± 0.3, which can be considered as low
levels of cognitive restraint based on the limits commonly used
(Stunkard & Messick, 1985). The study was approved by the
Human Research Ethics Committee of Aulnay. For p = 0.05,
r = 20 mm, D = 10 mm for the appetite score and a power level
of 0.9, we needed more than 50 subjects (Jump 10 software and
(Whitley & Ball, 2002)). Therefore, enough subjects were recruited
to assure a suitable number of subjects once the potential drop-out
had been removed and to fit with the Latin square.
2.3. Training
The training of both panel 1 and the confirming panel was
divided into 3 steps: (1) understanding the vocabulary to define
appetite (2) manipulating the scales to help panel members evalu-
ate the intensity of their hunger feelings on unipolar unstructured
line scales (3) using the scales by evaluating appetite sensations on
a large variety of carbohydrate-rich products. The training involved
5 sessions: one dedicated to the 2 first steps and 4 sessions dedi-
cated to the third step. This method was duplicated with the con-
firming panel afterwards to confirm the initial results.
The training concerned mastering the vocabulary used in VAS to
describe appetite sensations and design a satiety lexicon. The aim
was to teach the panelists how to specifically recognize and evalu-
ate the intensity of their hunger sensations (hunger, fullness, desire
to eat and prospective consumption) and to report their sensations
in a ‘‘satiety lexicon,” to be used during the other sessions. One ses-
sion of 3 h was dedicated to this part of the training. Methodolo-
gies commonly used in conventional descriptive sensory analysis
were applied (Lawless & Heymann, 2010). This involved the 2 first
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using words or situational examples (Table 1); (2) manipulating
scales and knowing how to score one’s own appetite on these
scales using the amplitude ranging from the anchors ‘‘not at all”
to ‘‘extremely.” Manipulating such scales implies understanding
what hunger and satiety are and defining the extremes of these
sensations. These notions were taught during an open discussion
to increase awareness of physiological and psychological factors
involved in appetite and to guarantee a good understanding of sati-
ety evaluation. The panelists had to define why they usually
started eating. Their answers were divided into physiological and
psychological parameters. The specific physiological or sensorial
signals initiating hunger were identified by associating consumers’
terminology with appetite sensations. Experts were given an
envelope containing a list of words which illustrate satiety or
appetite sensations. This list of words had been defined according
to an internal pilot study of consumer terminology linked to satiety
(satiated, hungry as a sparrow, gurgle, and stomach signs). Pane-
lists had to order the specific labels according to the different levels
of the scales corresponding to each question. They could also cre-
ate other labels. In addition, examples of eating moments such as
breakfast, just after a standard meal, after a standard dinner the
day before, etc. could be given to associate a level of hunger. The
panelists were divided into 5 groups and asked to design a group
poster showing their total list of labels. All five posters were then
combined so that all 18 experts could react to the labels identified
in other groups (Table 1). We also checked that they perceived the
difference between satiation (process that leads to the termination
of eating and therefore controls meal size) and satiety (state that
leads to inhibition of further eating, decline in hunger, and increase
in fullness after a meal has finished). The training was also based
on familiarization with the 4 questions commonly used to evaluate
appetite feelings (see VAS ratings section). We considered that
using a satiety lexicon made up of common vocabulary and illus-
trated by personal examples would help to obtain the best com-
monly built tool. Based on this training, each panelist had his
own satiety lexicon that he/she used during the application to
foods, which corresponded to testing biscuits (described Section 2.4
below). To summarize, this lexicon includes explanations of the
following points: Why am I eating (definition of hunger, example
of physiological factors such as mood, conviviality, habits, greed)?
Why are there 4 questions to evaluate hunger? What is the differ-
ence between satiety and satiation? How can hunger be recog-
nized? The last part of the satiety lexicon is made up of a table
for each of the 4 questions, as in Table 1. In these tables, the judges
were also asked to personalize their document by adding their own
examples of situations associated with a moment of the day. The
last step of the training was based on the application to a large
range of carbohydrate-rich foods (Table 2). These foods were
selected because they could be eaten at breakfast and our protocol
was designed to run throughout the morning. They consisted of 4
products from among several varieties of carbohydrate-rich foods,Table 1
Example of words or expressions associated with the question ‘How full do you feel now?
Question asked How full do you feel now?
Level of the scale Totally empty Empty
Words or expressions of similar
sensations
Gurgles To feel a gap in th
General weakness To feel peckish
Associated moment of the day After waking up, when
skipping a meal
After having a stan
day beforenamely soft cakes, apple puree, brown bread with butter, cereals
with skimmed milk and a sliced banana. Three levels of satiating
power were defined: high, medium and weak. To perform this clas-
sification, we chose to classify our products according to the con-
sistency between their content in fibers and proteins, their food
weight and portion size. The higher the content in fibers and pro-
teins, the higher the predicted satiety power in line with the vol-
ume. For instance, the mix of banana, cereals and milk was
predicted to have the highest satiating power because it had the
highest content of both proteins and fibers and it represented the
highest volume on the plate (Table 2). We also took into account
coherence with the Holt satiety index methodology (SI) developed
in 1995 (Holt, Miller, Petocz, & Farmakalidis, 1995). According to
Holt’s data, the following hierarchy of satiety response is obtained
for the products we selected: mix of banana, cereals and milk >
whole meal bread > cake (Table 2). The combination of both
approaches leads to the following classification: a high level of
satiating power including the mix of banana, cereals and milk, a
medium level composed of brown bread and butter and finally a
weak level with soft cake and apple puree (Table 2).2.4. Application to foods by using biscuits: efficiency of the training
and comparison with naïve consumers
2.4.1. Rationale for the selection of the foods
We also chose to test the efficiency of the training in satiety on
biscuits which belong to a reduced universe and should be more
difficult to dissociate as the products are closer in nature. We also
used biscuits to compare the power of discrimination of panelists
with naïve consumers. 7 different biscuits were thus selected: 3
to assess the efficiency of the training and 4 for the comparison
with naïve consumers. For the first goal, the 3 dry biscuits repre-
sented biscuit diversity and differed in texture. We used a biscuit
with a light texture called ‘Light texture’ dry biscuit, one which is
classically designed for breakfast and called ‘Rotary molded’ dry
biscuit and a standard one such as the biscuits consumed as a
mid-afternoon snack and called ‘Standard’ dry biscuits. Using the
same rational than for the large range of carbohydrate-rich foods
we hypothesized to obtain the following classification: a high level
of satiating power including the ‘Rotary molded’ dry biscuit, a
medium level composed of ‘Standard’ dry biscuits, and finally a
weak level with ‘Light texture’ dry biscuits (Table 2). Regarding
the food selected for the comparison between trained panelists
of panel 1 and naïve consumers, the 4 biscuits selected were the
following ones: one control biscuit and 3 enriched biscuits with
various compositions of fibers and proteins, namely B1, B2, B3
and B4. Details regarding the composition of the biscuits are not
mentioned here as it concerns data under publication. The break-
fast biscuits were produced at the pilot of Mondele¯z International
R&D. The role of each panel and the naïve consumers was
summarized Fig. 1b.’ from the satiety lexicon.
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After the 2 first steps of the training session dedicated to devel-
oping the satiety lexicon (S1), each subject participated in 10 ses-
sions of products testing (see Fig. 1b). Among these sessions, 4
were part of the training with the large range of carbohydrate-
rich foods, and 6 sessions were dedicated to evaluating training
efficiency by using biscuits. Among these 6 sessions, carrying out
4 sessions with the ‘Standard’ dry biscuit made it possible to eval-
uate the repeatability of judges. There was one session per product,
resulting in a within-subject, repeated-measurements design.
Panelists consumed the products in the following order: bread
and butter, apple puree, standard dry biscuit session 1, banana
cereals and milk, soft cakes, standard dry biscuit session 2, rotary
molded dry biscuits, Light texture biscuits, standard dry biscuit
session 3, standard dry biscuit session 4 (Fig. 1a). We alternated
products of different satiety levels in order to avoid bias in the
results. The standard dry biscuit session 1 was tested during the
training to be able to measure the evolution of the repeatability
of the panel.
On each test day (the same day of the week), participants
arrived at the research center at 9:00 and having abstained from
eating or drinking anything since 11 pm the preceding evening.
They were placed in a conference room. At 9:10, they were asked
to consume the entire product portion of 1047 kJ served as break-
fast and the same quantity of decaffeinated non-caloric drink
within 20 min. Volunteers had to fill out a VAS rating about their
appetite sensations before and 20 min after breakfast, and every
30 min thereafter till 12:00. They also evaluated the breakfast
palatability 20 min after consuming it (Table 3).
During the sessions, the panelists were asked to keep silent
while filling out their VAS in order to focus on their task. Between
each evaluation of appetite sensations, they were allowed to talk to
each other but not to discuss topics about the products consumed
or any other food. The main activity during the mornings of the
tests was reading magazines. Some panelists did manual activities
(sewing), and a few played cards.
The kinetics used for the clinical study (on naïve consumers)
and the expert panel were slightly different with an additional
measurement 15 min after biscuit consumption in the clinical
study which corresponded to 30 min after the beginning of con-
sumption. Hence this time was removed from the comparison.
However, for both studies we used 3-h kinetics with 30 min inter-
vals between measures of appetite and an entire product portion of
1047 kJ served as breakfast. In addition both studies resulted in a
within-subject, repeated-measurements design.
2.5. VAS ratings
VAS were given to both the panelists and the naïve consumers
in paper format with one question per page so that the panelists
and the naïve consumers could not use a previous measurement
of appetite as a reference to mark the next one (Blundell et al.,
2010). For the trained panelists, the VAS were then scanned using
specific software (Fizz v2.40C) which makes automatic data cap-
ture possible via scanning (Fujitsu fi-6130). Panelists and naïve
consumers completed VAS ratings for hunger, desire to eat, fullness
and prospective consumption. These 4 scales were chosen because
they are recommended primary scales for self-reported appetite in
healthy adults (Blundell et al., 2010). At each point in time
(Table 3), the test started with a set of ratings such as ‘feel fine,
calm, anxious, tired, nervous, nauseous and relaxed’ presented at
random, as described elsewhere in the literature (Yeomans &
Gray, 1997; Yeomans, Weinberg, & James, 2005). The aim was to
add an initial question unrelated to appetite so that panelists could
subsequently refocus on the VAS ratings. The results are not pre-
sented here as they do not represent the main purpose of this
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Fig. 1. Design of the sessions for training and application: (a) details of the sessions and products consumed, (b) general design of the sessions including the 3 groups (panel 1,
confirming panel and naïve consumers).
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Appetite score was the parameter used to compare the satiety
power of the tested products. It is the average between hunger,
desire to eat, prospective consumption and a 100-fullness score.
We also calculated a Cronbach’s alpha in order to check that calcu-
lating an average of all these questions to assess appetite score was
valid.
2.6. Methodology for assessing the validity of the panelists and the
whole panels
This assessment was based on 4 criteria (Table 4), namely: (1)
coherence of the answers to the VAS questions; (2) standardization
of the initial state; (3) repeatability for a given panel of each
judge’s average appetite score between the 4 sessions of the ‘Stan-
dard’ dry biscuit consumption; (4) comparison within each panelof the average appetite scores of all the panelists for the 4 sessions
of the ‘Standard’ dry biscuit consumption.
2.6.1. Coherence of the answers to VAS questions
This criterion was based on the evaluation of the pattern of the
appetite curve, which was expected to decrease just after food con-
sumption and increase progressively throughout the morning. This
drop and increase combination had to be strong enough to show a
significant variation in appetite feelings compared to the baseline.
The reference to define a pattern of curve as acceptable was based
on the product which was expected to have the weakest satiety
power, namely the soft cake. The criteria of whether or not to
include a judge were defined at two levels:
2.6.1.1. The decrease and increase of individual curves after consuming
the soft cake. The decrease, corresponding to the expected drop in
Table 3
Measurements made throughout the morning.
Real time Time Question asked (VAS)
9H10 T0 Do you feel fine now?
How hungry are you now?
How strong is your desire to eat?
How full do you feel now?
How much do you think could you eat now?
9H30 T20 Do you feel calm now?
Same VAS as T0
How much did you enjoy your breakfast?
10H00 T50 Do you feel anxious now?
Same VAS as T0
10H30 T80 Do you feel tired now?
Same VAS as T0
11H00 T110 Do you feel nervous now?
Same VAS as T0
11H30 T140 Do you feel nauseous now?
Same VAS as T0
12H00 T170 Do you feel relaxed now?
Same VAS as T0
A. Lesdéma et al. / Food Quality and Preference 49 (2016) 106–118 111appetite, was the delta between the initiation of consumption (T0)
and 20 min after consumption (T20). The increase in appetite lead-
ing up to lunch corresponds to the delta between the end of the
session (T170) and T20. 20 min was considered as a reasonable
time to consume the full portion of tested products. T170 corre-
sponds to the end of the test as many studies have used a delay
between 2 and 3 h to take into account the role of post-ingestive
effects (Blundell et al., 2010). Both deltas had to be above
20 mm. These values were chosen according to Flint et al. (2000).2.6.1.2. The pattern of the curve between T20 and T170. This pattern
should correspond to a progressive increase until lunch. However,
some peaks and drops in appetite can appear between two subse-
quent measurements, from T20 to T170, a range of time when the
curve is expected to increase. Limits had to be defined to determine
when these variations in the increasing curve were considered too
strong to include the panelist (see Fig. 2a for an example of a judge
who did not fit this criteria and Fig. 2b for a valid judge for this
criteria). We considered that if these eventual variations between
two subsequent measurements were more than the initial drop
(T20–T0) in appetite for the least satiating product, it would corre-
spond to the equivalent of sensations observed if another product
had been consumed during the morning, which is not coherent in
our case. We considered separately each variation for each product
individually and we eliminated the panelist if the pattern of the
curves for at least two products was larger than the initial drop
in appetite between T0 and T20 min for the soft cake. Therefore,
for a panelist, according to our defined criteria, these variations
remained acceptable if the delta did not exceed the initial drop
in appetite between T0 and T20 min for soft cake.2.6.2. Standardization of the initial state
We considered a panelist as being efficient on this criterion if
he/she was considered as being in a hunger state when starting
the test and if baseline appetite scores were not significantly differ-
ent between sessions. Being in a hunger state, in most of the stud-
ies on healthy unrestrained volunteers, implies a baseline appetite
score above 50 mm (Flint et al., 2000; Lemmens, Born, Martens,
Martens, & Westerterp-Plantenga, 2011; Martens, Lemmens,
Born, & Westerterp-Plantenga, 2012). By considering each panelist
individually, a judge was considered as acceptable, according to
this baseline appetite parameter, if the latter was above 50 mm
and if the difference for the baseline appetite between all the ses-
sions was not above 10 mm. Finally, we also checked that baselineappetite scores were not significantly different between the judges
on a given panel to assure the homogeneity of the latter.
2.6.3. Repeatability for each judge inside a given panel among sessions
The repeatability of each judge on a given panel was assessed by
verifying that the average appetite scores for the 4 sessions of
consumption of the ‘Standard’ dry biscuit were not different enough
to indicate inconsistency in scoring for the judge. Hence, we made
sure that the differences between the average appetite scores for
the 4 sessions did not exceed 10 mm (Blundell et al., 2010).
2.6.4. Repeatability for all the panelists on a given panel between
sessions
For each panel, the repeatability of all the panelists was
assessed by verifying that there was no significant difference
between the average appetite scores for all judges between the 4
sessions of consumption of the same product, namely the
‘Standard’ dry biscuit.
2.7. Methodology to assess the reproducibility of the method
The reproducibility of the method was judged by comparing
results for the two different panels (panel 1 and the confirming
panel). It was assessed by calculating several intermediate indica-
tors to get a final reproducibility indicator, based on the Standard
ISO 5725 (ISO5725-2, 1994).
The first step was to calculate the homogeneity of the panel
which corresponds to the consensus between each judge’s average
appetite score for the 4 sessions of the ‘Standard’ biscuit consump-
tion, inside each panel. It is an evaluation of the standard deviation
due to judges effect within each panel (sjudges). This factor also
made it possible to compare the two panels in order to see whether
one showed better consensus between judges than the other. To
measure homogeneity (characterized by sjudges), the srepeatability
and s(yjudges) needed to be calculated. srepeatability was calculated
for both panel 1 and the confirming panel in order to see whether
each judge was repeatable in the same way between the 4 sessions
of ‘Standard’ dry biscuit. As calculated for both panel 1 and the
confirming panel, the aim was also to see if judges, when consid-
ered individually, showed better repeatability for one panel than
for the other. srepeatability is based on the standard deviation of the
average appetite score after 4 sessions of ‘Standard’ dry biscuit
and taking the degree of freedom into account. The corresponding
formula is:
srepeatability ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃPðs2judge  degree of freedomÞP
degree of freedom
s
ðA:1Þ
where degree of freedom = numbers of sessions  1 = 3 and s2
judge = variance for each judge for the average appetite scores
between 4 sessions of ‘Standard’ dry biscuit consumption.
s(yjudges) corresponds to the standard deviation between mean
appetite scores of all the judges for the 4 sessions of ‘Standard’ bis-
cuit consumption.
As a result, the corresponding formula for homogeneity is:
sjudges ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
sðyjudgesÞ2 
s2repeatability
Nb of sessions
s
ðA:2Þ
Based on both the sjudges and the repeatability indicators, two
other indicators, sresult and the Least Significant Difference (LSD),
were calculated. sresult is the standard deviation corresponding to
a result and is also an indicator of reproducibility intra and inter
judges in a given panel. Finally, LSD corresponds to the lowest dif-
ference that should be observed between two products measured
under the same conditions (judges and sessions) and marking
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112 A. Lesdéma et al. / Food Quality and Preference 49 (2016) 106–118them as significantly different (for a p-value <0.05). Having similar
LSD indicates a similar ability to discriminate products. It is calcu-
lated as follows as defined in the Standard ISO 5725-2:1994:
LSD = 2.77 * sresult with:
sresult ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
s2judges
Nb judges
 s
2
repeatability
Nb judges Nb of sessions
s
ðA:3Þ
where Nb of sessions corresponds to the 4 sessions of ‘Standard’ dry
biscuit consumption.
LSD was compared between the two panels in order to check
whether the least significant differences required in both panels
were similar.
In order to compare our results obtained for each panel to ref-
erences from the literature, other tests of reproducibility were per-
formed according to Bland and Altman (2012). According to the
latter, these measurements of reproducibility were assessed on
two tests days. We therefore used the first two sessions to
calculate this indicator in our study and to compare them with
the literature. In these conditions, the coefficient of repeatability
(CR) for each panel was calculated as follows: CR = 2  SD where
SD refers to the standard deviation for two measurements: the
average appetite of all judges for session 1 and the average appetite
of all judges for session 2 of ‘Standard’ dry biscuit consumption. In
addition, the coefficient of variability (CV) for each panel, which
measures relative variability of the method, was calculated as
follows:
CV ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃP
ðAppetite session 2Appetite session 1Þ2
2n
q
Global average appetite score
ðA:4Þ
where (Appetite session 2  Appetite session 1)2 is the square of the
difference between the average appetite score of sessions 2 and 1 of
the ‘Standard’ dry biscuit, for each judge within each panel and
n = the number of judges. Global average appetite score is the mean
between the two average appetite scores of all judges for sessions 1
and 2 after consumption of the ‘Standard’ dry biscuit.
2.8. Statistical analysis
Statistical analyses were performed using SAS for Windows
(version 9.1; SAS Institute, INC., Cary, NC, USA). Descriptive data
are expressed as means with their standard errors (SEM). Results
were considered to be significant at the level of p < 0.05. ANOVA
for repeated measurements was performed to analyze the effects
of product consumption on appetite scores and to assess the
repeatability. Tukey’s significant difference test was used for post
hoc comparisons of general significant effects. A ‘‘corr” procedure
was used to perform a multiple correlation in order to compare
the relationship between macronutrient content such as proteins,
fibers, carbohydrates and fat content with the appetite score.
3. Results
First, we checked that the calculations of the average appetite
scores were valid. When taking all the VAS into account the Cron-
bach coefficient is high for both panel 1 and the confirming panel,
0.92 and 0.97 respectively. Nunnally suggests a Cronbach’s alpha of
0.7 as a rule-of-thumb for an acceptable level of agreement
(Nunnally, 1978). It is therefore relevant to use all 4 VAS questions
to calculate the appetite score.
Then, we checked the validity of the panels on the basis of the
coherence in the panelists’ answers, the standardization of the
baseline appetite, the repeatability of each judge and the repeata-
bility of all the judges on a given panel as described in the material
and methods. We then checked the reproducibility of the methods
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Fig. 2. Example of appetite scores rated by visual analog scales (VAS) by (a) a judge who did not fit the criteria, such as judge 8 of panel 1, throughout the morning of testing
for soft cake and 2 products presenting strong variations of appetite between T20 and T170. (b) A judge who fit the criteria, such as judge 7, for all the products tested. Values
are means (mm).
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the literature. In a second part, the results of the training on satiety
evaluation of carbohydrate-rich products were presented. Finally,
the results of the application of the method to a specific category
of products (biscuits) were analyzed. The correlation to nutritional
data of both carbohydrate-rich products used for the training and
the biscuits were also produced in detail.
3.1. Validity of the panels based on both carbohydrate-rich foods and
biscuits testing
3.1.1. Coherence of the answers to VAS questions
In panel 1, judge 8 showed strong irregularities in the pattern of
his appetite curve, with the slope between two subsequent mea-
sures between T170 and T20 for some of the products being supe-
rior to D(T0–T20) for the soft cake. For example, DT140–
T110 = 18.1 mm for the mix of banana cereals and milk and
DT110–T80 = 21.4 mm for the ‘Light texture’ dry biscuit com-
pared to DT20–T0 = 3 mm for the soft cake. This judge did not
fit the criteria as increase and decrease in appetite feeling were
observed for some products at a moment where only an increase
was expected (Fig. 2a). All the other judges of both panel 1 and
the confirming panel fitted the criterion.
3.1.2. Standardization of initial state
In panel 1, for judge 17, the baseline appetite score was less
than 50 mm at the beginning of 3 sessions. In the confirming panel,
the baseline appetite score was less than 50 mm at the beginningof 1 session for judge 1 and in 4 sessions for judge 16. Therefore,
these judges did not fit these criteria and were excluded from
the analysis. Both the other 17 judges of panel 1 and the 16 judges
of the confirming panel fitted this criterion at each session. More-
over, concerning the homogeneity of the whole panel, there was no
significant difference in appetite sensations when comparing the
baseline appetite between sessions for the 16 remaining judges
of both panel 1 (F6,14 = 0.64, p = 0.70, range of score 72.4–
80.0 mm, after excluding judge 8 and 17) and the confirming panel
(F6,14 = 0.57, p = 0.76, range of score 84.6–90.2 mm, after excluding
judge 1 and 16).
3.1.3. Repeatability between sessions for each judge
Judges 8 and 17 of panel 1 and judge 16 of the confirming panel
showed weak repeatability according to the pattern of their curves
for the 4 sessions of the ‘Standard’ dry biscuit. They had the stron-
gest variations in average appetite sensations (>10 mm) between 2
sessions of ‘Standard’ dry biscuit consumption (Dsession 1 and
2 = 18.8 mm for judge 8, 47.6 mm for judge 17 for panel 1 and
Dsession 1 and 2 = 15.2 mm for judge 16 of the confirming panel).
Therefore judges 8 and 17 were excluded from panel 1 and judge
16 from the confirming panel. The other judges of panel 1 and
the confirming panel fitted this criterion.
3.1.4. Repeatability between sessions for the whole panel
According to repeated ANOVA measurement, after excluding
the judges who did not fit the criteria, there was no session effect.
Indeed, appetite scores between the 4 sessions of the ‘Standard’ dry
114 A. Lesdéma et al. / Food Quality and Preference 49 (2016) 106–118biscuit were not significantly different for the judges of panel 1
(F3,14 = 0.31, p = 0.82). Concerning the confirming panel, as for
panel 1, the appetite scores were not significantly different
between the 4 sessions of the ‘Standard’ dry biscuit (F3,14 = 0.58,
p = 0.63). Therefore, both panels were considered as having good
repeatability when considering appetite scores for all judges
between sessions.
Secondly, although the repeatability of both panels was good
when testing the same standard biscuits, there was a bigger differ-
ence between the first and the last sessions than between the third
and the fourth one for both panel 1 and the confirming panel, as
illustrated in the table below.Ta
CoAppetite score differences
between 2 sessionsble 5
mparison of the mean appetite scores
Carbohydrates-rich products
Soft cakes
Apple puree
Bread and Butter
Banana, cereals and milk
Biscuits
Light texture dry biscuits
Standard dry biscuits
Rotary molded dry biscuitsDsession 1–4for panel 1 (n = 16) and th
Panel 1
Mean n = 16
48.1a
43.7a,b
35.1b,c
25.0c
43.8a
42.6a
30.9bDsession 3–4Panel 1 2.6 mm 0.6 mm
Panel 2 5.0 mm 3.2 mmThis could show that there was an improvement in the repeatability
of the panel over the sessions.
In conclusion, both panel 1 and the confirming panel were made
up of 16 efficient judges. The average age for panel 1 was 49.1 ± 0.4
years. and the average BMI was 22.2 ± 0.2 kg/m2. For the confirm-
ing panel, the average age was 49.9 ± 0.6 years and the average BMI
was 22.6 ± 0.1 kg/m2. Hence, data analysis will be presented for the
16 judges of panel 1 and the same number of judges for the
confirming panel.
3.2. Reproducibility of the methodology: intra-, inter-panel and
compared to some references from the literature
3.2.1. Intra-panel measurement: srepeatability indicator in a given panel
The repeatability of both panel 1 and the confirming panel
were also assessed by comparing the standard deviation of each
judge in the 4 sessions and considering the degree of freedom.
The standard deviation of each judge was significantly lower
(F3,14 = 2.0; p = 0.01) for panel 1 than for the confirming panel
(srepeatability panel 1 = 8.32 and srepeatability confirming panel = 11.8).
As a result, the repeatability of panel 1 is better than the repeata-
bility of the confirming panel, when each judge is considered
individually.
In addition, the coefficient of repeatability (CR) and varia-
tion (CV) between the first and the second sessions of testing of
the standard biscuits were 6.44 mm and 4.02% for panel 1 and
5.92 mm and 4.08% for the confirming panel.
3.2.2. Comparison of the homogeneity of each panel
The homogeneity of the judges is assessed by comparing the
sjudges. The sjudges of panel 1 (s = 10.01) and that of the confirming
panel (s = 7.35) are not significantly different. The homogeneity
of the two panels, which showed the consensus of the judges ine confirming panel (n
Sem n = 16
2.1
2.1
1.8
1.8
1.8
1.9
1.9each panel, is comparable, although slightly better for the confirm-
ing panel.3.2.3. Reproducibility of the method for the ability to discriminate
products as assessed by the comparison of the LSD of each panel
Concerning the reproducibility of the method, the standard
deviations corresponding to a result (sresult) were not significantly
different between the two panels (sresult panel 1 = 2.7 and sresult
confirming panel = 2.4). Consequently, the LSD of the two panels
were similar (with LSD panel 1 = 7.5 mm and LSD confirming
panel = 6.5 mm). As both panel 1 and the confirming panel fitted
good repeatability and the method was shown to be reproducible
regarding the ability to discriminate products, this tool can be con-
sidered as reliable, thus allowing us to apply it to carbohydrate-
rich foods and biscuits as presented below.3.3. Application to a large variety of carbohydrate-rich foods and
biscuits, and correlation with nutritional data
3.3.1. Results of the training: large variety of carbohydrate-rich foods
There was a significant product effect for the 16 experts of panel
1 (F3,14 = 9.77; p < 0.0001) (Table 5). They had significantly lower
appetite scores after the mix of banana, cereals rich in insoluble
fibers and skimmed milk than after the apple puree and soft cake
(p = 0.0009 and p < 0.0001 respectively). There is also a signifi-
cantly (p = 0.03) lower appetite score after the bread and butter
than after the soft cake. In the confirming panel, as for panel 1,
there is a significant product effect (F3,14 = 21.79; p < 0.0001). The
mix of banana, skimmed milk and cereals and the bread appeared
to be more satiating than the soft cake (p < 0.0001 and p = 0.003)
and apple puree (p < 0.0001 for both the mix and the bread). While
for panel 1 soft cake and apple puree got almost the same average
appetite score, there is a non-significant but larger difference
between apple puree and soft cake for the confirming panel
(Table 5).
When comparing the 2 panels, we found significant panel * pro-
duct and panel * time effects (p < 0.0001 respectively). Appetite
scores were significantly different for only the apple puree with
higher appetite scores for the confirming panel than for panel 1
(70.2 ± 2.5 vs. 43.7 ± 2.1 mm, p < 0.0001). Independently of the
type of products, the significant panel * time interaction is
explained by higher appetite scores for the confirming panel from
110 min to the end of the session (p = 0.0006 for 110 min and
p < 0.0001 for both 140 and 170 min).
There were no differences in palatability of the carbohydrate-
rich products for either panel 1 (average palatability of
52.4 ± 2.7 mm, range from 45.7 ± 6.2 to 56.7 ± 4.8 mm) or the con-
firming panel (average palatability of 54.7 ± 3.4 mm, range from
44.7 ± 7.6 to 60.9 ± 8.0 mm).= 16) for the carbohydrate-rich products and for the biscuits.
Carbohydrates-rich products Confirming panel
Mean n = 16 Sem n = 16
Apple puree 70.2a 2.5
Soft cakes 58.3a 2.3
Bread and Butter 37.8b 3.0
Banana, cereals and milk 27.1b 2.7
Light texture dry biscuits 55.1a 2.5
Standard dry biscuits 45.2b 2.5
Rotary molded dry biscuits 39.9b 2.6
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Fig. 3. Appetite scores rated by visual analog scales (VAS) according to the quantity (in g) of proteins and fibers ingested for (a) panel 1 and (b) the confirming panel. Values
are means (mm) with their standard errors. j Average appetite score for all the panelist (T20–T170) for the large range of carbohydrate-rich products (training). N Average
appetite score for all the panelist (T20–T170) for the biscuits (after the training).
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There was a significant product effect (F2,14 = 5.7; p = 0.007)
(Table 5). For the 16 judges of panel 1, appetite was significantly
lower after the ‘Rotary molded’ product than after the ‘Light
texture’ product and the ‘Standard’ dry biscuits (p = 0.01 and
p = 0.03 respectively). Concerning the confirming panel, the same
hierarchy is conserved with the strongest discrimination between
biscuits (F2,14 = 9.12; p = 0.0005). Hence, the appetite score is lower
for both the ‘Rotary molded’ and the ‘Standard dry biscuits than for
the ‘Light texture’ dry biscuit (p = 0.0004 and p = 0.02 respectively)
(Table 5).
There was no difference in palatability between biscuits for
panel 1, with an average score of 41.9 ± 3.2 mm and a range
between 35.5 ± 4.9 to 50.5 ± 5.5 mm. However, for the confirming
panel, there was a significant product effect (F2,14 = 15.66;
p < 0.0001). The ‘Rotary molded’ dry biscuits had higher palatabil-
ity than either the ‘Light texture’ or the ‘Standard’ dry biscuits
(81.5 ± 3.0 mm vs. 41.1 ± 7.2 mm, p < 0.0001 and 51.4 ± 4.9 mm,
p = 0.0006 respectively).3.3.3. Correlation between nutritional composition and appetite scores
for both carbohydrate-rich foods and biscuits universe
In order to study which parameters of the products’ nutritional
composition influenced the appetite score, we evaluated the asso-
ciation between macronutrient content and the average appetite
score between T20 and T170 for both panel 1 and the confirming
panel.
For panel 1, protein and fiber contents were significantly corre-
lated to appetite (r = 0.86, p = 0.01 and r = 0.92, p = 0.004)(Fig. 3a and b). However, there was no significant correlation
between appetite sensations and fat or carbohydrate contents.
Similar correlations were observed for the confirming panel, with
significant correlation of protein and a tendency of correlation
for fiber contents to appetite (r = 0.93, p = 0.003 and r = 0.75,
p = 0.05 respectively), with both higher levels of correlation for
proteins and lower levels for fibers than for panel 1.3.4. Comparison between trained panelists on biscuits tested after the
training and the same biscuits consumed by naïve consumers
No significant differences in average appetite scores from just
after preload till 3 h after beginning the session were found, except
for B3. Adjusted mean scores ± sem for expert panelists vs. naïve
consumers were 40.5 ± 3.09 vs. 39.0 ± 1.7 mm for B1, 37.4 ± 3.09
vs. 36.3 ± 1.7 mm for B2 and 33.2 ± 3.2 vs. 33.8 ± 1.7 mm for B4.
However, appetite scores were significantly lower (p = 0.0172)
for B3 when evaluated by the expert panelists than when
evaluated by the naïve consumers (30.8 ± 3.09 vs. 39.1 ± 1.7 mm)
(Fig. 4a and b).4. Discussion
This study aimed at developing a new methodology to train a
panel in assessing satiety feelings. This work required defining cri-
teria of a panel’s performance and checking its reproducibility. To
achieve this aim, we applied the methodology to a food universe of
carbohydrate-rich foods which included a family of biscuits.
Fig. 4. Appetite scores as assessed by VAS (a) for naïve consumers of the clinical satiety study (n = 56) and (b) for the expert panelists after the training (n = 16). In graph (a) ⁄
represents significant difference (p < 0.05) between B4 and B1 while in graph (b) ⁄⁄ represents significant difference (p < 0.05) between B4 and B3 vs. B1. BF = Breakfast.
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individually showed good repeatability. As for the LSD, which indi-
cates a similar ability to discriminate products, the value is less
than 10 mm for both panels, which appears to be a satisfactory
level of variability. Indeed, Flint et al. (2000) concluded that a
detectable difference of 10 mm in appetite score would be reason-
able for considering two scores as different when measured on 32
subjects with a power of 0.8. In addition, the difference between
the average appetite score of panel 1 and that of the confirming
panel for the 4 sessions of the ‘Standard’ dry biscuits is lower than
the LSD required in both panels for two products to be considered
as different. This means these scores can be considered as similar
and that the methodology is reproducible.
Reproducibility of a group of subjects between 2 test days for
the same measurements has previously been evaluated in the liter-
ature. Flint et al. (2000) evaluated reproducibility of VAS scores on
55 healthy normal weight males who consumed the samemeals on
two test days. They found CR of 17–24 mm and 15–17 mm and CV
of 9–21% and 7–24% for mean appetite sensations with (n = 32) or
without (n = 23) prior diet standardization, respectively. In the
Raben et al. (1995) study, CR values of mean appetite scores
between test days 1 and 2 ranged from 1.36 to 3.80 mm, while
CV values ranged from 9.6% to 24.9% as assessed on 9 healthy nor-
mal weight men. Our variation of CR and CV between session 1 and
session 2 were 6.44 mm and 4.02% for panel 1 and 5.92 mm and
4.08% for the confirming panel. Our results correspond to low val-
ues compared to those found in the literature, although our CR was
higher than Raben’s who led his study on fewer participants. Our
results highlight both the good repeatability (CR) for the mean dif-
ference between two sessions of ‘Standard’ biscuit consumption
and the low variability (CV) (less than 5%) of this method. In con-
clusion, our methodology shows both good homogeneity of appe-
tite answers and reproducibility of the method.
In addition, our goal was to check whether panelists could dis-
criminate products and whether there was a rational in their rank-
ing based on the ‘expected’ satiety power of the tested products.
Hence, among the carbohydrate-rich foods, the mix of banana,
cereals and milk is the most satiating for panel 1, with a significant
difference from the two weaker satiating products, soft cake and
apple puree. A similar hierarchy is obtained for the confirming
panel, with a stronger discrimination as the judges divided the
products into two groups, with both bread and butter and the
mix of banana and cereals being the most satiating. Other differ-
ences are the inversion between apple puree and soft cakes with
larger differences between apple puree and soft cake for theconfirming panel (although non-significant). In addition, we show
that the confirming panel had a significantly higher average appe-
tite score after the apple puree than that obtained by panel 1.
Apple puree and soft cakes might be hard to differentiate, depend-
ing on the expectations generated by these two foods. Hence, semi-
solid foods such as puree can sometimes appear as less satiating
than more solid foods (Haber, Heaton, Murphy, & Burroughs,
1977).
Considering discrimination of the evaluated products on appe-
tite sensations, delta above 10 mm were obtained between groups
of products with different satiety powers for both panel 1 and the
confirming panel. Therefore, this result confirms the performance
of the panel trained in satiety assessment as the delta between
two products expected to have different satiety powers is some-
times twice as much as the weakest required difference to consider
two products as having different satiating power according to ISLI
data (Blundell et al., 2010).
This hierarchy according to satiating power, although weaker
for panel 1, is also confirmed for biscuits which represent a smaller
and harder to discriminate range of products. There is also a stron-
ger discrimination among biscuits for the confirming panel.
In order to check whether other dimensions could affect the
results we evaluated the products’ palatability. Regarding
carbohydrate-rich products, there was no difference in palatability
between the products for either panel 1 or the confirming panel.
The mean scores in palatability are close to the average score of
the VAS scale for the 4 products, which means the products were
neither strongly liked nor strongly disliked but that they belonged
to the same range of palatability. Regarding biscuits, there was a
difference in palatability only for the confirming panel. Two prod-
ucts are less palatable than the other one, but they are not strongly
disliked. According to the literature, the lower the palatability of a
food, the lower the appetite sensations and energy intake for this
tested food (Stubbs & Whybrow, 2004). However, the influence
of palatability of a preload on subsequent energy intake at lunch
is rather controversial (De Graaf, De Jong, & Lambers, 1999). There-
fore, as long as the palatability scores were not too low and did not
induce any aversion, we considered that they had no major effect
on the results. In addition, a potential bias could have been higher
appetite sensations for the biscuits which were more appreciated
(Rotary Molded) and lower appetite sensations for the biscuits
which were less appreciated (Light texture). Such is not the case
regarding the results.
The ability of the panel to be repeatable and to discriminate
products according to their satiety power was optimized thanks
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assess satiety (data not shown). Based on other human studies
about satiety, one of the main reasons explaining why some naïve
consumers are not properly capable of discriminating products
according to their satiety power could be the lack of hunger feel-
ings, learning or understanding of how to precisely use VAS. This
bias was successfully reduced by excluding judges with too low
appetite sensations, weak discriminability and reproducibility.
As for the Holt study (Holt et al., 1995), correlations between
appetite sensations and macronutrient compositions were made
to investigate their links with satiety power ranking. Interestingly,
products with a higher protein and fiber content showed lower
appetite scores, thus being more satiating. Our results are in line
with other studies which evaluated the satiety power of foods.
Indeed, both proteins (Bertenshaw, Lluch, & Yeomans, 2008;
Poppitt et al., 1998; Warwick, McGuire, Bowen, & Synowski, 2000;
Westerterp-Plantenga, Rolland, Wilson, & Westerterp, 1999) and
fibers (Slavin, 2005; Wanders et al., 2011) have been shown to
enhance the satiety power of a food. Other studies showed that
among sweet foods, those with the highest content of proteins and
fibers are perceived as being more satiating (Almiron-Roig,
Grathwohl, Green, & Erkner, 2009; Bilman, van Trijp, & Renes,
2010). This observation is in agreement with our results about show-
ing significant negative correlations between protein and fiber con-
tent and mean appetite score, with no correlation between fat
content and carbohydrate content. Hence, the higher the protein
and fiber content, the higher the satiety efficiency for both panel 1
and the confirming panel (with only a tendency for fiber) in accor-
dance with the position of products on the regression line about
the link between appetite and macronutrient composition (Fig. 3).
One of the next steps (unpublished data) was also to evaluate
the potential difference of ranking of biscuits between trained pan-
elists and untrained consumers. To answer this question both pan-
elists and untrained consumers had biscuits with various fiber and
protein compositions, namely B1, B2, B3 and B4. The result high-
lights a similar ranking but a stronger discrimination of perceived
satiety power by the panelists than by the naïve consumers
recruited for the clinical study. Interestingly, the baseline appetite
scores are very similar between the group of panelists and the
naïve participants. However, appetite scores are lower for the pan-
elists than for the naïve consumers just before lunch with a delta of
24.7 mm for B3, 16.2 mm for B4, 16.1 mm for B2 and 6.4 mm for
B1, and with the strongest delta for the enriched biscuits. These
observations show higher sensitivity of the panelists in assessing
internal appetite sensations while testing enriched products with
active ingredients and could thus reveal successful training in sati-
ety measurement assessments. Although the ranking of products
according to their satiety power is not identical to that of naïve
consumers, it shows that the panel showed good ability to differ-
entiate a product with low satiety efficiency, such as the control
biscuit B1, from the one with the highest satiety capacity, B4.
The main difference between the panel and the naïve consumers
is B3 which is perceived as more satiating by the panelists. This
investigation is pending publication and confirms the interest of
the training based on our first results.
In conclusion, this methodology shows good coherence of sati-
ety power evaluation as answers are coherent between and among
panelists but also from a nutritional point of view. Indeed this
method shows good repeatability within each panel and good
reproducibility of results in a given panel as well as between the
two panels. Moreover, the products’ rankings according to their
satiety power were similar to the forecast ranking, which confirms
that training a group of panel experts in satiety assessment
appears to be an efficient approach. Hence, our results confirm that
this methodology can be used as a screening procedure to identify
the products with the highest satiety power. This methodologymakes it possible to select the most relevant products on the basis
of their appetite scores, and thus apply the classical protocols used
in clinical trials, such as food intake measurements, only on the
most satiety subset of products. Flint et al. (2000) concluded that
a detectable difference of 10 mm in appetite score would be rea-
sonable for considering two scores as different as measured on
32 subjects with a power of 0.8 and 44 with a power of 0.9. One
advantage of our approach is that it requires only half as many sub-
jects, which makes this methodology quicker to use for discrimi-
nating products according to their satiety power once the panel
has been trained. As future work, it could be relevant to confirm
our results with appetite scores obtained with naïve participants,
(non-food experts). Indeed, food experts used to evaluating food
logically assure the quicker efficiency of the training but raise
the question of the representativeness of their appetite compared
to that of naïve consumers.Conflict of interest
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